Objectives-To investigate how closely the variables of exposures to magnetic fields based on the last job held in an electrical utility in Quebec, Canada, compared with those based on the workers' entire employment history with the company.
the variables of exposures to magnetic fields based on the last job held in an electrical utility in Quebec, Canada, compared with those based on the workers' entire employment history with the company.
Methods-In large cohort studies, the last job held is often used to assign exposure to the study subjects. Exposure was assigned in this way for a mortality study of a cohort of electrical utility workers in Quebec. For the present study, a sample of the cohort was used to compare the exposure estimates obtained from the last job with those obtained from full work histories. Results-The correlations between indices based on the last job and on all jobs varied between 0*75 and 0'78. The mean was slightly lower when only the last job was used. The last job was particularly good in identifying the most highly exposed people (for the exposure cut off point of 90th percentile for the last job and for all jobs, sensitivity = 0*69, specificity = 0 97, K = 0.66). The results suggest that although not all workers starting in highly exposed jobs stayed in them, it seemed that the workers who ended their working life in highly exposed jobs had stayed in these jobs throughout their working life. Conclusion-The results indicated some (but not catastrophic) loss of information when estimates of exposure were based on the last job only. It is desirable to obtain the most accurate estimate of exposure in occupational epidemiological studies. For occupational exposure to electric and magnetic fields, the best approach would be to obtain individual exposure data on each study subject by the use of personal dosimeters. However, this approach is not feasible for retrospective cohort studies or casecontrol studies. In these studies the usual approach is to use a job exposure matrix (JEM) means of all workers within the job category. For the details of the JEM, we refer the readers to the Canada-France case-control study.2 For the present study, the exposures of cases and controls to magnetic fields were estimated with four different approaches as described below.
(1) Cumulative exposure from all jobs. The cumulative exposure of each case and control was assessed by applying the JEM to the complete job histories. This approach was used by the Canada-France case-control study.
(2) Cumulative exposure from the last job. The last job held for a case means the job held at the time of the diagnosis (if the man was active when diagnosed) or the last job held in the company (if the man was retired or had left). For a control, it means the job held at the time of the diagnosis of the corresponding case, or the last job held. The cumulative exposure was calculated as in (1) , except that it was assumed that each man held the same job (his last job) throughout his employment in the company. Thus, the cumulative exposure of each man was computed by applying the JEM to the last job held and multiplying 2. this value by the man's total years of service in the company. (3) Mean exposure from all jobs. The mean exposures were calculated by dividing the cumulative exposure from all jobs by the total years of service.
(4) Mean exposure from last job. This approach was used in the Quebec cohort mortality study and involved simply assigning the value in the JEM for the last job.
STATISTICAL ANALYSIS
The main goal of the analysis was to find the extent of agreement between the different approaches in estimating individual exposure and identifying the exposed subjects for analysis in which subjects are grouped by exposure. First, the correlation coefficients between the four different approaches of exposure assessments were calculated. We then focused more detailed analysis specifically on the loss of information in relying only on the last job, rather than in choosing cumulative versus mean exposure. Because the mean exposure from the last job held was used for our cohort mortality study,' we compared this with the mean exposure from all jobs, rather than comparing estimates of cumulative exposure.
We also calculated the sensitivity and specificity of methods based on the last job in identifying exposed subjects grouped by exposure. Exposure classification based on all jobs was taken as the working gold standard. Sensitivity is defined as the proportion of those who are truly exposed and are correctly classified as exposed by the last job held. Specificity is defined as the proportion of those who truly are not exposed and are correctly classified as not exposed by the last job held. The kappa (K) statistic was examined as a further measure of agreement. A K value of zero indicates a degree of agreement that would be expected by chance. The maximum value of K is unity and values of K greater than 0 50 are generally considered to represent good agreement.3
Results Table 1 shows descriptive information for the study subjects. Table 2 shows the means for the estimates of exposure from the four different approaches and the correlations between them. The means were about 20% lower when the last job was used. The correlations between equivalent indices based on the last job and on all jobs varied between 075 and 078. The poorest correlation was 0-62, between the cumulative exposures from all jobs and the mean exposure from the last job. Figure 1 shows the agreement as a scatterplot between mean exposures for all subjects. avers; or workers in each group of age at exposed jobs stayed in them, it seemed that agnosis (age < 45, 45-64, > 65), and for the workers who ended their working life in ration of employment (in years < 10, highly exposed jobs had stayed in these jobs )-19, 20). However, the means were very throughout their working life. Workers did not )se for the two methods in the following two usually move to jobs with high exposure late in oups: workers with duration of employment their working life.
is than 10 years and leavers. Exposure to magnetic fields estimatedfrom lastjob held in an electrical utility in Quebec, Canada: a validation study *The cut off points of 0-16 pT, 0 49 gT, and 1 55 jT were used in a cohort mortality study of electrical utility workers to define the background, above background medium, and above background high categories of exposure.
tFor all jobs, the cut off points were chosen to obtain the same proportion of workers in the exposed categories for both approaches.
67%. The highest accuracy was obtained when we used the cut off point of the 90th percentile for the last job and for all jobs (sensitivity = 0-69, specificity = 0-97, K = 066).
Discussion
Accuracy and agreement between the different approaches in estimating exposure to magnetic fields were assessed in a sample of a cohort of electrical utility workers in Quebec. The main purpose of this study was to compare a practical method of exposure assessment against a better but less practical method. In particular, we wished to validate the use of the last job held in our historical cohort mortality study' because it was not feasible to abstract the complete occupational histories for all 21 744 members of the cohort. In this discussion, we first consider the implications of our results for the interpretation of our cohort study, then the possiblity of generalising these results from the last job to other studies. Our results showed high specificity of the methods based on the last job in identifying exposed subjects: a high proportion of those workers truly not exposed were correctly classified as unexposed, so that those classified as exposed were indeed exposed. Sensitivity of the last job method in identifying exposed subjects by grouping by exposure was lower: a significant proportion of those workers truly exposed were not classified as such, so that some of those classified as unexposed were actually exposed (table 4) . These results indicate that although use of the last job resulted in loss of information in our cohort study, this loss did not invalidate the study.
Alderson6 discussed the possible biases from use of the last occupation recorded at death registration as an indication of occupational exposures during a working life. He drew attention to the fact that the onset of occupational disease can result in changing job. His argument was that the worker's mobility might be related to his ill health from his occupational exposure. If this results in removal from the exposure by moving from heavy and exposed jobs to lighter unexposed jobs, the effect of exposure would be lost in the analysis when the last job was used to assign exposure especially if the exposure of interest was related to the health effect that caused the change of job. The obvious consequence of this would be the underestimation of the risk. In the electrical industry, the exposed jobs are highly skilled and active ones. If exposure to electromagnetic fields were associated with ill health, workers in the highly exposed jobs which usually demand high physical activity, might remove themselves from exposure by moving to less demanding unexposed jobs. This would result in some differential misclassification when the last job was used in assessing exposure in this industry if the ill health led to the death. It is unlikely that this problem occurred in our mortality study for cancer, which is not usually preceded by disabling morbidity. It remains as a concern for the causes of death which may be preceded by disability.
The use of all jobs is clearly better than the use of last job. However, this does not make the use of all jobs a perfect measurement, a true gold standard. Wacholder et al7 used the term of "alloyed gold standard" for a good method of measurement that nevertheless had measurement error. They noted that the correlation between an approximate and alloyed gold measurement will be different from that between an approximate and true gold standard. The difference depends on the extent of error in the alloyed gold standard and size of correlation of errors in the approximate measure studied. We do not know how the error in the imperfect measurement (last job) and in the alloyed gold standard (all jobs) are correlated in our cohort study. However, it is likely that these errors were positively correlated as we used the same JEM for the two measurements.
One source of error in both our gold standard and approximate measure was the change over time in exposure in the same job which was not allowed for in either. In fact, the JEM used for the Canada-France case-control study2 allowed for the variation of exposure in the past. However, a preliminary analysis showed that the estimates corrected for differences in exposure in the past were very highly correlated with the estimates that were not so corrected (r > 0 90). Therefore for simplicity, we only used the uncorrected estimates, thereby focusing on the loss of information in relying on only last job rather than on correcting for changes in levels of exposure in the past.
The last job held has been used in other occupational cohort studies of workers, in particular in one of telephone company workers, exposed to electric and magnetic fields.8 As a part of her study, Matanoski evaluated the use of the last job. Her results were broadly similar to ours. There was 85% agreement between the last job and the longest job held in her study. The reason for the similar findings in the two studies could be that in both industries the exposed jobs require skills, so that if the workers ended up in the skilled jobs, they are likely to have stayed in them. Thus we conjecture that use of the last job is a good method to assess exposure in electrical industries where the exposed jobs are also skilled jobs.
Ideally, for the studies of health effects of electromagnetic fields, exposure indices should be selected to match the mechanisms by which the biological effects are expected to occur. Various indices of exposure have been proposed, including the mean, maximum, proportion of time within a window or over a threshold level, and variability. Unfortunately, there is little knowledge from which to decide which is appropriate. A comparison of alternative indices of a week's exposure in a sample of electrical utility workers found high correlations between most of them.9 In any case, choice of index for summarising exposures over a week is unlikely to affect the validity of use of the last job to indicate exposure. However, choice of index for lifetime exposure might do so. For example, the last job would clearly provide a better indication of recent past exposure than of distant exposure, such as would be relevant under an assumption of a minimum latency of several decades. We did not investigate such indices, but we did find that the performance of the last job in identifying cumulative exposure was similar to that in identifying mean exposure (table 2) .
Use of the last job causes bias and power loss due to imprecision in the exposures, but this is compensated by lower costs, or power gained by being able to include more subjects. The choice involves assessing this trade off. It is possible to formally compare statistical efficiencies allowing for costs,'0 but an informal argument often suffices. In our cohort mortality study, we estimate that ascertaining complete work histories for all subjects would have cost over $50 000. We judged that this expense was unjustified, given that for diseases of specific interest (cancers and suicide), nested case-control and case-cohort studies have been undertaken. This strategy concentrated on the expensive process of abstracting complete work histories on those subjects who were most influential in the estimation of the most important associations, but still allowed less powerful investigations of other diseases from the last job. If we assume a correlation of 0-8 (table 2) between the true and approximate measure based on the last job, the power of the study from last job is equivalent to that in a study that used an accurate exposure measure with 36% fewer (1-0o82) study subjects."
In conclusion, the results indicated some (but not catastrophic) loss of information when estimates of exposure were based on the last job only. The last job was particularly good for identifying the most highly exposed men, at least in this particular industry. A decision on whether the use of the last job to assess exposure is a sensible compromise between cost and precision requires the investigator's judgement based on the knowledge of job mobility, processes, and exposures in the industry considered.
